The objective was to assess the role of negative pressure wound therapy (NPWT) in the management of wounds of various etiologies, infected or not, acute or chronic. The study was conducted in a group of 37 patients (24 men and 13 women) aged 26 to 86 years with acute or chronic wounds, posttraumatic or due to chronic diseases located on the lower limbs or following oncological abdominal surgery. In all cases a Vacuum Assisted Closure (VAC) system was continuously applied using a subatmospheric pressure ranging from 90 to 120 mmHg. Beside sex, age and etiology of soft tissue defect the following parameters were studied: surgical treatment performed prior to NPWT application, frequency of dressing changes, duration of NPWT, level of subatmospheric pressure used in each case, number of hospital days, complications arising from NPWT use. The outcome was favorable in all cases without such complications as infection or bleeding, a perilesional erythema (contact dermatitis caused by the used adhesive tape) being noted in only 13.51% of cases. The average duration of NPWT was 8.1 days. The frequency of dressing changes was in most cases of 3 days (89.18%) with a group mean of 3.05 days, and the average applied negative pressure was -110.83 mmHg, range -90mmHg to -120 mm Hg. No complications requiring the interruption of NPWT use were recorded. NPWT, by stimulating wound constriction and granulation tissue formation is an option in the management of acute or chronic wounds of various etiologies, whether infected or not, resulting in a decrease in the number of surgeries and their complexity, length of hospital stay and, last but not least, reduced patient suffering.
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Keywords: negative pressure wound therapy, Vacuum Assisted Closure, subatmospheric pressure, oncological abdominal surgery, perilesional erythema, granulation tissue Negative pressure wound therapy (NPWT) is known as a non-invasive technique that uses a device that generates a subatmospheric pressure [1] ranging from 50 to 150 mm Hg. Pressure can be generated continuously or intermittently [2] , thus causing drainage of wound secretions, improved tissue perfusion, thus helping to heal the tissue defect by wound contraction and stimulation of granulation tissue proliferation [4] [5] [6] . In 1979, a suction and irrigation system for the treatment of wounds was described in Russia. Then, in Germany, in 1992, a negative pressure system was used for the treatment of exposed fractures. Argenta and Morykwas [7] have validated NPWT in an animal model (pig) so that to later use it humans. The use of NPWT expanded over time, Joseph et al. and McCallon et al. demonstrating its efficiency [8, 9] . Numerous studies conducted over time have demonstrated the usefulness of this therapeutic solution in the treatment of wounds of various etiologies. The European Wound Management Association (EWMA) identified a total of 3287 publications published from 1990 to 2015. As a result, indications for use of negative pressure therapy have expanded beyond the number of 100 situations in which it can and should be used [10] . NPWT is used to treat soft tissue defects of various etiologies: vascular surgery, digestive surgery, thoracic surgery, spinal surgery, burns, infections etc. The aim of this study was to demonstrate the efficacy of NPWT by reference to several variables such as the type of lesion, affected anatomical region, sex and age of patients, interventions prior to placement of NPWT device, frequency of dressing changes, the used negative pressure level, length of hospital stay, and adverse reactions.
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Experimental part
The study group included 37 patients. The study patients received treatment between January 2014 and December 2017. All patients with acute lesions have initially received surgical treatment for primary surgical toilet as well as reconstruction of affected elements: osteosynthesis (trauma to the lower leg and hand bones, tenorrhaphies and myorrhaphies (trauma to the upper limb), incision with evacuation of purulent collections followed by daily lavage for 3-4 days in case of septic arthritis of the fist, necrectomy and lavage in the case of catheter-related thrombophlebytis.
Prior to negative pressure therapy, chronic lesions benefited from wound debridement and lavage, with a slight bleeding of the NPWT location area. The lavage of the area of NPWT device placement was performed in all cases with hydrogen peroxide, followed by betadine and physiological saline solution (table 1) .
NPWT was applied using continuous suction from a VAC device or from hospital's centralized suction system. Subatmospheric pressure varied depending on the anatomical region and patient tolerance ranging from -90 mm Hg to -120 mm Hg, and the frequency of dressing changes ranged from 3 to 4 days. In all cases polyurethane foam was used. In the cases presenting microbial flora while using NPWT, targeted systemic antibiotic therapy was also used.
Patients were assessed and monitored by laboratory investigations (blood, wound secretions), and the appearance and size of wounds at each dressing change was documented by photographs, direct measurements, (table 2) .
Our study was done in accordance with the Ethical Committee regulations and in accordance to some published models [11] .
Results and discussions
Our study included a series of 37 patients, 24 men and 13 women, with posttraumatic and chronic soft tissue defects of different etiologies and locations. The mean age of the 37 patients enrolled in the study was 55.37 years, range 26 -86 years ( fig. 1 ).
Gender distribution showed a predominance of male patients (62.16%) with an M: F ratio of 1.64 ( fig. 2) .
Patients in the study group belonged to the following diagnostic groups: catheter-related thrombophlebitis (2 cases -5.41%), septic wrist arthritis (2 cases -5.41%), trophic ulcer of the lower leg (7 cases -18.91%), open fractures of limbs (5 cases -13.51%), bite wounds (3 cases -8.11%), injury (traffic accidents, crushing, industrial tools, total 8 cases -18.91%), oncologic surgery (7 cases -18.91%) of which digestive surgery -2 cases, breast and chest surgery -2 cases, malignant melanoma -3 cases, others (electrocution, liposarcoma, parastomal collection -1 case each ) (fig. 3) .
The patients of this study presented the following associated diseases: arterial hypertension (15 cases), diabetes mellitus (11 cases), chronic heart diseases (8 cases), obesity (4 cases), other (liver disease -2 cases).
Treatments previous NPWT were: necrectomy -13 cases (35.13%), primary surgical debridement -11 cases (29.72%), osteosynthesis -8 cases (21.62%), surgical toilet and degranulation -7 cases (18.91%), split-thickness skin graft (STSG) -7 cases (18.91%), advancement flaps -4 cases (10.81%), flap necrosis -4 cases (10.81%) and others. The mean duration of NPWT was 7.78 days, range 5 -13 days. The mean duration of NPWT for the 4 patients undergoing digestive, breast, and chest surgery and for all oncological patients was 9.75 days and 8.1 days, respectively. In cases where NPWT was used after free split-thickness skin graft, the average duration of NPWT was 6.5 days (fig. 4) .
The frequency of dressing changes was in most cases (89.18%) of 3 days with a group mean of 3.05 days. The negative pressure level averaged -110.83 mmHg, range -90 mmHg to -120 mmHg. The average length of hospital stay was 15.47 days, range 6-40 days (table 3) .
Adverse reactions occurred in only 6 patients (16.21%), represented by a simple perilesional erythema. We performed the ANOVA Regression (95% CI) for the following variables: duration of NPWT and the level of the used negative pressure which showed a correlation coefficient = 0.1253 (weak correlation) for p = 0.45 (significance F = 0.45, alpha = 0.05), with no statistical significance (N = 37). Regarding age and duration of NPWT, r = 0.1575 (weak correlation) was obtained, and for p = 0.35 (significance F = 0.35), without statistical significance.
Applying ANOVA Regression for age and negative pressure level we obtained r = 0.2067 (weak to moderate correlation), for p = 0.21 (significance F = 0.21), with no statistical significance, and for age and length of hospital stay r = 0.2243 (weak to moderate correlation), for p = 0.18 (significance F = 0.18), with no statistical significance. Taking into account the length of hospital stay and duration of NPWT, the correlation coefficient r = 0.5277 represents a good moderate correlation and for p = 0.007 (significance F = 0.007) with high statistically significance. The level of negative pressure used in the study patients ranged from -90 to -120 mmHg. By comparing the average pressure levels, it was noted that for inguinal (-103.33 mmHg) and abdominal (-105 mmHg) locations, lower pressures than for upper limb (-112 mmHg) and lower limb locations (-112.31 mmHg) were needed ( fig. 5) .
By calculating the mean duration of NPWT, it was found that it was of 7.88 days in the group of patients with infected wounds (N = 18), greater than the 7.68 days in the group of patients without wound-associated infections (N = 19) ( fig. 6 ).
The principles of negative pressure applied to wounds to accelerate healing date back to the eighteenth century when the fluids, toxins, and microorganisms from wounds were suctioned with the help of dome-shaped glass cups, heated and applied to the wound, where passive cooling brings about a negative pressure [12] .
The mechanism of action of NPWT is based on the mechanical effects represented by the physical forces that determine a biochemical response at the cellular level [13, 14] . Mechanical stress induced by NPWT results in increased production of extracellular matrix components such as elastin, proteoglycans, collagen and glycosaminoglycans [15] [16] [17] . Important in NPWT is the decrease in edema. The application of NPWT may reduce edema. Edema, by increasing the pressure in the microcirculation, leads to a decrease in oxygen and nutrient intake at cellular level, as well as in the ability to protect against infections. Studies have demonstrated a reduction in edema by negative pressure therapy used in patients with burns to both hands [1, 7, 18] . Subatmospheric pressure acts on wound edges causing wound contraction and stimulating granulation tissue proliferation [1, 7, 19] . There are two forms of negative pressure therapy: continuous and discontinuous or intermittent [20] . In this study we used only continuous pressure ranging from -90 mm Hg to -120 mm Hg. The value of the subatmospheric pressure used to obtain the best results is below -125 mm Hg [10] . Today there is a large variety of devices used in negative pressure therapy. Most of them are portable so as to ensure greater independence of the patient with the possibility of mobilization during treatment. When portable devices are not available, hospital wall suction systems can be used to apply negative pressure, as we did in some cases. Materials used to cover injuries when negative pressure is used are foams or gauzes with different properties related to pore size and stability. Selecting the type of wound filler material influences the healing process [21] . The first material used in 1988 for NPWT was PVA foam with a pore size of 60 -1,500 µm. Today, black polyurethane foam with pore size range from 400 -600 µm is the most widely used material, also used in our study [22] . Studies have shown that dressing should be changed every 2 to 4 days, but there are no fixed intervals [23] . In the majority of our cases the dressings were changed at 3-day intervals (one case at 2-day and three at 4-day intervals). Shweiki et al. reported an interval of 1.7-4.1 days between dressings as safe and useful [24] . NPWT has the advantage of less frequent dressing changes and thus less pain associated with dressing changes; also repeated surgical interventions are avoided and the techniques used are of lesser complexity, usually of the type of free split-thickness skin plasties or neighboring flaps [25] . There are also situations where in the absence of any technical possibility to reconstruct a limb segment due to the general state of the patient NPWT is a technical solution where by a possible amputation of a member can be avoided. NPWT devices have now become even smaller and are available for single-use (PICO), thus enhancing patient comfort [26] . The only discomfort experienced when using negative pressure therapy is patient perceived pain when the device is installed and possibly at subsequent dressing changes. Complications are rare when complying with the guidelines for the use of NPWT [27] . Similar applications were found to be effective also in other interventional fields, especially in the conservative therapy of gastrointestinal fistulas [28] . Not the least, potential concomitant diseases and conditions of patients should be carefully analyzed, as a vast group of disorders causing capillar y failure, microvessel abnormalities or subsequent infections could influence the rate of wound healing despite proper therapy appliance [29] [30] [31] .
Conclusions
NPWT is simple and safe technique, easy to use, with no complications when it is correctly indicated. It can be used in patients with associated comorbidities, who cannot benefit from complex surgeries due to poor general health. Subatmospheric pressure used is adapted to patient tolerance and to anatomical region. NPWT stimulates the contraction of the wound edges and granulation tissue formation, making easier the subsequent reconstruction.
